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Express Mail Label No. EL649759521US 

CODE DIVISION MULTIPLE ACCESS MODEM INTERFACE 

This application claims priority from U.S. Provisional Application No. 60/192,230, 
filed on March 27, 2000. 

BACKGROUND 

The present invention generally relates to wireless communication networks. In 
particular, the invention relates to modem interfaces used in wireless communication 
networks. 

Modeminterfaces as used in wireless communication networks, such as code division 
multiple access (CDMA) wireless networks, are commonly used to transfer data between 
wired components of the network and a wireless air interface 38 of the network. Figure 1 
illustrates a simplified wireless communication network. A user terminal 20 is connected 
to a local exchange 22. The user terminal 20 transmits data over the local exchange 22 
through a radio distribution unit (RDU) 24. 

The data sent through the RDU 24 is received by a modem 28 in a radio carrier 
station (RCS) 26 prior to transmission over the air interface 38. The modem interface 34 
takes the data that was transferred over the local exchange 22 and RDU 24 and converts it 
into a format compatible with the transmit circuitry 36 of the modem 28. The transmit 
circuitry 36 converts the data into a format suitable for transmission over the wireless air 
interface 38. The data is subsequently transmitted over the air interface 38 by the base 
station 30 and received by an antenna 42 at a radio network terminal (RNT) 40. The 
received signals are processed by the receive circuitry 32 of the RNT's modem 28. The 
processed signals are sent to a modem interface 34 which converts the signals into a format 
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to be sent to a second user terminal 46. 

Conversely, data to be sent by the second user terminal 46 is sent to the modem 
interface 34 of the RNT 40. The data is processed to be in a format suitable for the transmit 
circuitry 32 of the modem 28. The transmit circuitry 36 converts the processed data into a 
5 format suitable for transfer over the air interface 38. The data is subsequently transmitted 
over the air interface 38 using an antenna 42 and received by the base station 30. The 
received data is processed by the receive circuitry 34 of the base station's modem 28. The 
processed data is further processed by the modem interface 34 to be in a format suitable for 
transmission through the RDU 24 and local exchange 22. The data is subsequently 
3 0 transferred through the RDU 24 and local exchange 22 to the user terminal 20. 
* In the past, wireless communication networks were used primarily to transfer voice 

3 signals. However, the demand for wireless transmission of data is ever increasing. In 
= particular, the demand for transmitting high data rates, such as those required for integrated 
1 services digital networks (ISDNs), over wireless networks is ever increasing. Accordingly, 
4 5 it is desirable to have a modem interface capable of handling high data rates. 

3 SUMMARY 

A modem interface transfers data between the high data rate interface and a wireless 
interface. The wireless interface has a plurality of parallel data highways. Each data 
highway has frames with time slots for transferring data. The plurality of highways outputs 

20 data to the high data rate interface and the wireless interface in selected time slots. At least 
one of the data highways has an input configured to receive data from the high data rate 
interface in selected time slots. At least one of the data highways has an input configured 
to receive data from the wireless interface in selected time slots. A processor controls the 
transfer of data between the plurality of highways. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates a wireless communication network. 
Figure 2 is a modem interface. 

Figure 3 illustrates a wireless communication network carrying integrated services 
5 digital network (ISDN) signals. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figure 2 illustrates a modem interface 56. As shown inFigure 3, the modem interface 
56 is used to transfer data between a high data rate terminal, such as an integrated services 
5 digital network (ISDN) terminal 60, and a wireless air interface 38. The modem interface 
''Jo 56 may be located on the RNT side of the wireless air interface as being a component of the 
□ RNT 40. Similarly the modem interface 56 may be used on the base station side of the air 
1~ interface 56, such as within the RCS 26. The modem interface 56 is preferably located at 
:: ; 1 both the RNT 40 and RCS 26. 

St If used on the RNT side, the modem interface 56 receives data from the ISDN 

!H 5 terminal 60 over an ISDN oriented modular-2 highway (IOM-2 highway) 62. Conversely, 
g the modem interface 56 also sends data to the ISDN terminal 60 over the IOM-2 highway 

62. If used on the base station side, the modem interface 56 transfers data over a pulse code 
modulation (PCM) highway 62, preferably at an El data rate. 

Data transmitted to and from the ISDN terminal 60 is sent over eight (8) channels, 
20 each in a 2B + D format. Data is sent over each of two (2) B channels. Each B channel has 
a data rate of 64 kilobits per second (Kbs). Data is also sent over a D channel having a data 
rate of 16 Kbs. The data sent over the D channel is control data, and is high-level data link 
controlling (HDLC) encoded. Additionally, each channel has a control information (CI) 
channel, an MR channel and an MX channel. The CI channel caries line information at a 
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32 Kbs data rate. The MR and MX channels are used for handshake for the CI channel. 
Each has a data rate of 8 Kbs. 

HDLC encoding converts data into frames. Each frame has six (6) fields. Two of 
these fields are flag fields which are used for synchronization. They indicate the start and 
end of a frame. An address field identifies the destination for that frame. A control field 
identifies the function and purpose of the frame. A data field contains the data for 
transmission. A circular redundancy code (CRC) field is used for error detection and 
correction. 

A PCM/IOM interface 64 transfers data between the IOM-2 or PCM highway 62 and 
the external PCM highway 66. Preferably, the external PCM highway 66 has a data rate of 
2 megabits per second. If used on the RNT side, the PCM/IOM interface 64 converts the 
PCM data into IOM-2 data and vice versa. If used on the base station side, the PCM/IOM 
interface 64 merely passes through the PCM data in both directions. 

To transfer data between the various components of the modem interface 56, a 
multiple data highway structure is used, such as three (3) PCM highways I-III 68 r 68 3 shown 
in Figure 2. Each PCM highway 68 r 68 3 uses repeating frames having multiple time slots. 
A preferred frame would have sixteen (16) time slots numbered from zero to fifteen (TSO- 
TS15). Each preferred time slot is sixteen (16) bits in length. Each PCM highway 68 r 68 3 
has an associated maximum data rate, such as 2 megabits per second. For three PCM 
highways 68 r 68 3 , each having a 2 megabit per second data rate, the combined data rate is 
6 megabits per second. Accordingly, multiple PCM highways 68 r 68 3 with lower datarates, 
such as 2 megabits per second, can be used to effectively transfer data at a much higher data 
rate, such as 4, 6 or 8 megabits per second. The multiple PCM highways 68,-68 3 allow the 
modem interface 56 to utilize PCM highways 68 r 68 3 with a standard data rate, such as 2 
megabits per second, and effectively transfer data at a much higher rate. Using a standard 
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data rate PCM highway 68 r 68 3 simplifies the structure of the highways 68 r 68 3 . 
Additionally, since the multiple highways 68 r 68 3 can be selected to have the same data rate 
as the PCM highway 66, only a single clock domain is required for the highways 66, 68 r 
68 3 . As a result, power consumption and noise are reduced and testability is improved. 
5 Clock routing is also simplified by using only a single clock domain. 

One possible assignment using three (3) PCM highways 68 r 68 3 , each having 1 6 time 
slots (TS0-TS15) is as follows. For PCM highway I 68 l5 TS0-TS15 are all assigned to 
transferring data to and from the external PCM highway 66 and the PCM highway 1 68^ A 
group of read devices 70 r 70 n read data from the corresponding time slots on PCM highway 
Bp 1 68 1 and a corresponding group of write devices 72 r 72 n write that read data onto the IOM 
^ PCM highway 66. Conversely, a group of read devices 74 r 74 n read data from the IOM 

□ PCM highway 66 and a corresponding group of write devices 76 r 76 n write that data onto 
„S the corresponding slots on PCM highway 168,. 

Each write device is fixed to a predetermined time slot. Each read device can read 
[15 data from any time slot on any highway 68 r 68 3 . The advanced instruction set computer 
\H (ARM) processor 88 controls which time slot that each read device reads. 

□ The external PCM highway 66 preferably uses repeating frames of 125 microsecond 
duration. The read devices 74 r 74 n can read data starting at any bit in the frame and at a 
variety of data rates. The starting bit is controlled by a PCM slot parameter and the data rate 

20 is controlled by a PCM rate parameter. The ARM processor 88 determines the PCM slot and 
rate parameters. 

PCM highway II 68 2 is used to transfer data to and from the digital signal processor 
(DSP) 78 using TS0-TS7. One such DSP 78 is a 54x family processor, preferably a 
TMS320C54x processor. The DSP 78 may perform functions such as speech, video 
25 compression or encryption. Data is read from the PCM highway II 68 2 using a group of read 
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devices 80 r 80 n . The read data is buffered by a group of buffers 84 r 84 n and then sent to the 
DSP 78. Data sent from the DSP 78 is buffered by a group of buffers 86 x and then written 
into the corresponding time slots of the PCM highway II 68 2 using a group of write devices 
82 r 82 n . TS8 - TS15 of the PCM highway II 68 2 are used to interface with telephone 
interface components. 

The ARM processor 88 typically has an associated external flash memory. The ARM 
processor 88 controls various aspects of the modem 48. Data is read fromTS8-TS15 using 
a group of read devices 90 r 90 n . The read data is buffered by a group of buffers 92 r 92 n and 
sent to an IOM interrupt device 98 and the ARM processor 88. The output from the IOM 
interrupt device 98 is also input to the ARM processor 88. The IOM interrupt device 98 
determines whether the C/I channel data has changed from frame to frame and will notify 
the ARM processor 88 when a change is detected. Conversely, the ARM processor 88 sends 
data to a group of buffers 94 r 94 n . Write devices 96 r 96 n take the buffered data and write 
it to the corresponding time slots of the PCM highway II 68 2 . 

An ARM port interface (API) 140 is a shared memory interface between the ARM 
processor 88 and the DSP 78 and transfers control signals between the ARM 88 and DSP 
78. The API 140 preferably has a two kiloword block of memory. The DSP 78 is slaved 
to the ARM 88. The ARM 88 controls the interrupts and resets of the DSP 78. Conversely, 
the DSP 78 can interrupt the ARM processor 88. 

TS0-TS8 of PCM highway III 68 3 are used for HDLC processing. Data in TS0-TS8 
are read by the HDLC reading devices 108 r 108 n . Data from TSO - TS2 is processed by an 
HDLC multiplexer (HMUX) 1 12 which sends processed data to an input/output (I/O) device 
1 16 and an HDLC I controller 1 14 x . Data is also sent from the I/O devices 1 16 and HDLC 
I controller 1 14 x to the HMUX 1 12. The data processed by the HMUX 112 from the I/O 
device 1 16 and HDLC I device 1 14 x is written to TS0-TS2 of PCM highway III 68 3 using 
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a HDLC write device 1 10 v Data in TS3-TS8 is transferred to and from the other two HDLC 
controllers (HDLC H 110 2 , TS3-TS5, and HDLC HI 110 3 , TS6-TS8). The data in the 
corresponding slots is read by HDLC read devices 108 2 , 108 3 prior to being sent to the 
corresponding HDLC controller 1 14 2 , 1 14 3 . Data from the HDLC II 1 14 2 and HDLC III 
114 3 controllers is sent to the HDLC write devices 110 2 , 110 3 and written onto the 
corresponding slots of PCM highway III 68 3 . Data from each of the three HDLC controllers 
(HDLC 1 1 14 l5 HDLC II 1 14 2 and HDLC III 1 14 3 ) is transferred back and forth to the ARM 
processor 88. The HDLC controllers 1 14 r l 14 3 are used to communicated with the ARM 
processor 88 or the traffic channels. 

The HDLC controllers (HDLC 1 1 14 1? HDLC II 1 14 2 and HDLC III 1 14 3 ) are used 
to encode the D channel for transfer over the air interface 38 and decode the D channel after 
transmission over the air interface 38. As previously mentioned, the D channel is HDLC 
encoded. To assure that the integrity of the HDLC encoding is preserved after transmission 
over the air interface 38, the D channel is again HDLC encoded prior to transmission across 
the wireless air interface 38 by the HDLC controllers 1 14 r 1 14 3 . Accordingly, the control 
data is double HDLC encoded. This double encoding allows for error correction over the 
air interface 38 and for the integrity of the originally HDLC encoded D channel to be 
maintained. 

Conversely, the HDLC controllers 1 14 r l 14 3 also decode a double HDLC encoded 
D channel received over the wireless interface 38. The double HDLC encoded D channel 
is stripped of the second HDLC encoding by the HDLC controllers 1 14 r l 14 3 . The CRC 
field data is used to correct any errors that occurred during the wireless transfer. 
Accordingly, the original D channel is recovered. Preferably, each HDLC controller 1 14,- 
114 3 processes data at 384 Kbs and require 3 128 Kbs time slots. 

TS9-11 of PCM highway HI 68 3 are used to transfer data to and from the ARM 
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processor 88. A group of read devices 100 r 100 n read data from the corresponding slots of 
PCM highway III 68 3 . The read data is buffered by a group of buffers 102 r 102 n and is sent 
to the ARM processor 88. The ARM processor 88 sends data to a group of buffers 94 r 94 n . 
The buffered data is written by corresponding write devices onto PCM highway III 68 3 . 
5 If the modem interface 56 is used at a base station, the frame synchronization and 

clock are input to the interface 56. If used in a RNT 40, the frame synchronization and clock 
are generated by the RNT 40, such as on an application specific integrated circuit (ASIC) 
containing the interface 56. 

TS12-TS15 of PCM highway HI 68 3 are used to carry data received over the air 
! : io interface 38 and to be sent over the air interface 38. Data received over the air interface 38 
^ is preferably modulated using quadrature phase shift keying (QPSK), although other 
□ modulation schemes may be used. Prior to being input to the modem interface 56, the 
',Z received data is decoded using a double speed quadrature viterbi decoder, although other 
decoding schemes maybe used. The viterbi decoder preferably decodes four received traffic 
l%5 channels (QVD_TR0 - QVD_TR3). Preferably, the data rates supported are 8, 16, 32, 64, 
! " 128 Kbs. The ARM processor 88 controls the read assignments to the multiple PCM 
[J highways 68 r 68 3 effectively controlhng data routing and data rate. 

Data to be sent over the air interface 38 is preferably convolutionally encoded, spread 
and transmitted using QPSK modulation, although other wireless transmission schemes may 
20 be used. The data is preferably sent over four traffic channels (TR0-TR3). 

Data to be sent over the wireless interface 38 is read by a group of read devices 1 18 r 
1 1 8 4 . One read device 1 1 8 r 1 1 8 4 is used per traffic channel, TR0-TR3 . Another set of read 
devices is used for encryption of each channels data 120 r 120 4 . The output of one 120 r 120 4 
of each channel's encryption read devices is input into a parallel to serial converter 122 r 
25 122 4 . The serial output of that converter 124 r 124 4 is fed into another parallel to serial 
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converter 124 r 124 4 which also receives the output of the other one of that channel's read 
devices 1 1 8 r 1 1 8 4 . The two serial outputs are modulo-2 added on a bit basis to encrypt the 
data. Each channel's encrypted serial output is typically sent to a corresponding 
convolutional encoder, spreader and modulator for transfer over the wireless interface 38. 
Each parallel to serial converter 1 18 r l 18 4 is programmed to produce data at a desired bit 
rate. 

Encrypted data received from traffic channels, such as QVD_TR0-QVD_TR3, is 
input to a group of serial to parallel converters 126 r 126 4 . Each channel's serial to parallel 
converter 1 26 r 1 26 4 combines that traffic channel's data with an output of a parallel to serial 
converter 128 r 128 4 to decrypt the traffic data. The decryption data from each parallel to 
serial converter 128 r 128 4 originates from data read fromTS 12-TS 15 by corresponding read 
devices 138 r 138 4 . The read data is converted from parallel to serial format by the parallel 
to serial converters 128 r 128 4 . The serial outputs of the serial to parallel converters 126 r 
126 4 are inputted to a group of write devices 132 r 132 4 which write the serial output to a 
group of multiplexers 130 r 130 4 . The multiplexed data is sent to TS12-TS15 of the PCM 
highway III 68 3 . For testing, the DSP 78 outputs a signal to a group of buffers 136 r 136 4 . 
The output of the buffers 136 r 136 4 is also input to the multiplexers 130 r 130 4 . 
* * * 
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CLAIMS 

What is claimed is: 

1 . A modem interface for transferring data between a high data rate interface and 
a wireless interface, the modem interface comprising: 

a plurality of parallel data highways having frames with time slots for transferring 
data, the plurality of data highways outputting data to the high data rate interface and the 
wireless interface in selected time slots; 

at least one of the data highways having an input configured to receive data from the 
high data rate interface in selected time slots; 

at least one of the data highways having an input configured to receive data from the 
wireless interface in selected time slots; and 

a processor for controlling data transfer between the plurality of data highways. 

2. The modem interface of claim 1 wherein the high data rate interface is an 
IOM-2 highway. 

3 . The modem interface of claim 1 wherein the high data rate interface is a PCM 
highway. 

4. The modeminterface of claim 1 wherein the plurality of parallel data highways 
is three parallel data highways. 

5. The modem interface of claim 4 wherein each of the three parallel data 
highways has a 2 Mbs data rate. 
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6. The modem interface of claim 1 further comprising a plurality of read and 
write devices, each write device fixedly writes to one of the plurality of data highways and 
each read device is capable of reading data from any of the plurality of data highways. 

7. The modem interface of claim 6 wherein the processor controls each read 
device so that that read device reads from a selected one of the data highways. 

8. The modem interface of claim 1 wherein the frames have sixteen time slots. 

9. A method for transferring data between a high data rate interface and a 
wireless interface, the method comprising: 

providing a plurality of parallel data highways having frames with time slots for 
transferring data; 

inputting data to the data highways from the high data rate interface and the wireless 

interface in selected time slots; 

controlling data transfer between the plurality of highways; and 

outputting data to the high data rate interface and the wireless interface in selected 

time slots. 

10. The method of claim 9 wherein the high data rate interface is an IOM-2 
highway. 

1 1 . The method of claim 9 wherein the high data rate interface is a PCM highway. 
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12. The method of claim 9 wherein the plurality of parallel data highways is three 
parallel data highways. 

1 3 . The method of claim 9 wherein each of the three parallel data highways has 
a 2 Mbs data rate. 

14. The method of claim 9 wherein the data transfer is controlled using a plurality 
of read and write devices, each write device fixedly writes to one of the plurality of data 
highways and each read device is capable of reading data from any of the plurality of data 
highways. 

15. A radio network terminal (RNT) transferring data between a high data rate 
interface and a wireless interface, the RNT comprising: 

a receiver and a transmitter for transferring data over the wireless interface; 

an input and output for transferring data over the high data rate interface; 

a plurality of parallel data highways having frames with time slots for transferring 
data, the plurality of data highways outputting data to the high data rate interface and the 
wireless interface in selected time slots; 

at least one of the data highways having an input configured to receive data from the 
high data rate interface in selected time slots; 

at least one of the data highways having an input configured to receive data from the 
wireless interface in selected time slots; and 

a processor for controlling data transfer between the plurality of highways. 
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16. The RNT of claim 1 5 wherein the receiver and transmitter transfer data using 
QPSK modulation in CDMA format. 

17. The RNT of claim 15 wherein the RNT is operatively couple to an ISDN 
terminal via the high data rate interface. 

18. The RNT of claim 15 wherein the frames have sixteen time slots. 

19. The RNT of claim 1 5 wherein the plurality of parallel data highways is three 
parallel data highways. 

20. The RNT of claim 15 wherein the high data rate highway is an IOM-2 
highway. 

21. A method of communicating data over a wireless interface of a wireless 
communication network having a first and second communication station, the method 
comprising: 

producing data having a first high-level data link controlling (HDLC) encoding at the 
first station for transfer over the wireless interface; 

encoding the first HDLC encoded data into a second HDLC format such that the 
produced data is double HDLC encoded; 

transmitting the double HDLC encoded data over the wireless interface; 

receiving the double HDLC encoded data at the second station; and 

removing the second HDLC encoding to recover the first HDLC encoded data at the 
second station. 
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22. The method of claim 21 wherein the first station is a RNT and the second 
station is a RCS, further comprising: 

prior to producing the first HDLC encoded data, receiving the first HDLC encoded 
data from an IOM-2 highway. 

23. The method of claim 21 wherein the first station is a RCS and the second 
station is a RNT, further comprising: 

prior to producing the first HDLC encoded data, receiving the first HDLC encoded 
data from a PCM highway. 
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ABSTRACT 

A modem interface transfers data between the high data rate interface and a wireless 
interface. The wireless interface has a plurality of parallel data highways. Each data 
highway has frames with time slots for transferring data. The plurality of highways outputs 
data to the high data rate interface and the wireless interface in selected time slots. At least 
one of the data highways has an input configured to receive data from the high data rate 
interface in selected time slots. At least one of the data highways has an input configured 
to receive data from the wireless interface in selected time slots. A processor controls the 
transfer of data between the plurality of highways. 
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